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ABSTRACT
Floodplains can store large amounts of soil organic carbon (SOC) despite covering a
small fraction of the global land area. Since these valley-bottom landforms build through
the action of flooding, the century to millennial-scale record of overbank deposition
could be important in understanding controls on deep (>30 cm) SOC storage. Yet, the
influence of flood history and landform development on carbon content is surprisingly
not well known. I use a combined geological and pedological approach to characterize
the sedimentation, soil development, and SOC of fluvial terraces along an impounded
reach of the humid-subtropical Tennessee River valley, U.S.A. The standardized >0.25
mm sand fraction from both relict levee and floodplain alluvial soil profiles record a Late
Holocene paleoflood history where inferred paleo-magnitude increased after 2000 yr BP
coincident with increased paleohurricane activity from the Caribbean to the Gulf Coast.
This valley-wide increase in flood magnitude coincides with a decrease in deep SOC
content. However, this deep SOC also varies by landform type. Fine-grained floodplains
store more SOC than the coarse-grained levee. However, the buried SOC content of the
latter is more reliant on clay and silt, which is an important supply limit in a conceptual
model of fluvial landform development. That is, in silt- and clay-limited fluvial
landforms (e.g., levees), changes in the amount of fine sediment added during flooding
will have a more direct effect on the SOC content by means of aggregate formation and
clay film development. In contrast, variations in flood magnitude will have little to no
effect on the SOC content of fine-grained landforms (e.g., flood basin) as lower flood
energy contributes to deposition of detrital organic matter and silt and clay act which act
to protect SOC through elluviation-illuviation and aggregate formation. This study
emphasizes that parent material layering from flooding and the subsequent translocation
of fine particles down profile are interdependent processes that can influence the storage
of SOC on longer timescales (>102 yr). Conservation measures should consider how
natural flooding affects landform development and the SOC storage in floodplains.
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HIGHLIGHTS
The >0.25 mm sand fraction from alluvial soil profiles records a Late Holocene
paleoflood history where magnitude increased after 2000 yr BP.

Fine-grained alluvial landforms have more clay illuviation and store more SOC at depth.

Changes in flood magnitude over time have a more direct effect on the SOC content in
coarse-grained levees than in fine-grained floodplains.

Flood deposition and illuviation are interdependent processes that can influence the
storage of SOC.
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INTRODUCTION
1.1. Carbon Storage in Fluvial Systems
Fluvial systems transfer soil organic carbon (SOC) from source to sink while
temporarily storing and transforming some of that organic matter in floodplains (Battin et
al., 2009). Considerable SOC is stored in floodplains (0.4-8% of global storage), despite
these landforms covering only 0.5-1% of global land area (Sutfin et al., 2016; D’Elia et
al., 2017). Floodplain storage capacity is amplified by the fact that soils contain SOC at
depths greater than 1-meter, accounting for an even larger portion of terrestrial C than
current estimates (Van Oost et al., 2012; Richter and Markewitz, 2013; Chaopricha and
Marín-Spiotta, 2014; Lawrence et al., 2015; Doetterl et al., 2016; D’Elia et al., 2017;
Ferguson et al., 2020).
How do fluvial valley bottoms accumulate SOC? Flooding and overbank
deposition affect SOC storage on floodplains because deposits include fresh parent
material and detrital organic matter (OM). This process, combined with in situ C inputs,
can lead to large pools of deep (>30 cm) SOC with residence times that span 10-1 – 103
years (Trumbore, 1997; Shi et al., 2020). Furthermore, most studies (~90%) report SOC
only in the upper 30 centimeters of soil when deep SOC may be important in the global
carbon cycle (Richter et al., 2015).
Exploring relationships between past floods, landform development and SOC
requires a proxy for flood magnitude. Several studies have shown that particle size is
linked to flood magnitude (Knox, 1984, 1993, 2000; Wang and Leigh, 2012; Toonen et
al., 2015; Leigh, 2017), and the clay (<2 µm) content can determine SOC storage to some
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extent (Rasmussen et al., 2018, and references therein). Paleoflood hydrology (Kochel
and Baker, 1982) reconstructs the pre-gage flood history of a river reach by determining
the frequency and magnitude of past floods (Kochel and Baker, 1982; Baker, 2017).
These records can extend flood observations back into the past, 102 to 104 years beyond
gaged records to geologic times scales which encompass a wider variety of past climatic
and anthropogenic conditions (Wang and Leigh, 2012; Toonen et al., 2015; Leigh, 2017;
England, 2018). These studies relate flood magnitude with the size and amount of coarsegrained sediment deposited during a flood, i.e., larger floods carry and deposit larger
grain-sizes and potentially more of those grains. This relationship has been used to
estimate the magnitude, or discharge of non-gaged, paleoflood deposits on both low
(Leigh, 2017) and high-order streams (Toonen et al., 2015).
Like flooding, landscape position can also influence grain size, soil development
and the SOC content (Hoffmann et al., 2009; Ferguson et al., 2020). Stream channels and
their adjacent valley bottoms also include a variety of geomorphic landforms, e.g., bars,
floodplains, terraces and levees, that have depositional soil profiles – defined here as soil
that accumulates sediment episodically during weathering. Depositional soils vary as a
function of proximity to the active channel, which acts as an important control on
sediment deposition, soil formation (Bown and Kraus, 1987; Aslan and Autin, 1998), and
SOC storage (Liu et al., 2003; Doetterl et al., 2012; Sutfin et al., 2016; Sutfin and Wohl,
2017). Despite these advances, our knowledge of the mechanics that link flood history,
soil-landscape development and long-term SOC storage in humid valley bottoms is not
well known.
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How does the sedimentary record of paleofloods vary across alluvial landforms
and how does this influence the degree of soil development and SOC content? I address
this question and examine the late Holocene history of surface and buried soil
development along different landscape positions in a humid-subtropical climate in the
Tennessee River Valley.
METHODS
2.1. Site Selection
Soil depositional profiles were examined along the Tennessee River valley
bottom, located in north-central Alabama (Fig. 1), to examine how the flood history,
landscape position and soil formation affected the storage of late Holocene SOC. Sites
were selected using LiDAR-derived digital elevation models (DEMs) and Natural
Resources Conservation Service (NRCS) soil maps. Site selection criteria included
location relative to the river channel, distance from the river channel, elevation above the
water surface, and accessibility. This allowed us to identify sites with archives of historic
and pre-historic floods in the last ~3000 years.
Six alluvial terrace soil profiles were measured that vary in their landform
position with respect to the modern Tennessee River channel. These landforms include a
levee (LEV), a low-relief flood basin (LRT) and former floodplains that mark the inner
(IBT) and outer (OBT) banks of a bend in the river (Fig. 2, Table 1). Although all
landforms in this study are now fluvial terraces, they are referred to herein as levees
(LEV1, LEV2, LEV3) and floodplains (LRT, IBT, OBT) for ease of comparison and
discussion.
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Figure 1. Map showing study area in the southeast United States (A) and the location of
each of each site (B) along a stretch of the Tennessee River. Flow is from southeast to
northwest. Tennessee Valley Authority’s (TVA) Guntersville Dam and Reservoir is
located in the lower right-hand corner.
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Figure 2. Detailed maps and cross-sections of alluvial terrace sites. Black arrows within
riverbanks show flow path. A & B: floodplain sites (IBT, OBT, and LRT). C: levees
(LEV1, LEV2, LEV3) sites. Transverse-valley cross sections show elevation of sites
relative to the AD 1867 flood of record.
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Table 1. GPS coordinates and surface elevation in meters above mean sea level (m asl).
Elevation compiled from LiDAR derived DEMs (USDA, 2020).
Fluvial terrace
landform
Levee

Floodplain

Site
LEV1
LEV2
LEV3
LRT
IBT
OBT

Longitude
-84.476969
-86.477139
-86.477331
-86.497525
-86.589467
-86.595588

Latitude
34.478531
34.47845
34.478369
34.47958
34.585091
34.580522

Surface elevation
(m asl)
176.0
174.8
173.9
173.8
172.6
174.6

2.2. Stratigraphy and Geochronology
Stratigraphic units were defined using color, texture, and horizon boundaries to
detect diachronic changes in flooding and soil development at different landscape
positions. Aspects of both allostratigraphy and soil stratigraphy were used, where a
stratigraphic unit is herein operationally defined by the bounding discontinuities at the
top of dark, organic-rich layers interpreted to be buried A horizons (Holliday, 2004; Ahr
et al., 2017). In other words, a unit was defined at the top and base by the top of buried A
horizons or geologic layers (e.g., lithologic discontinuities), where these units were
inferred to be a minimum of one observable flood deposit. In reality, these units may
consist of multiple flood deposits not readily distinguishable in the field or lab.
The OSL dating of quartz grains deposited by Middle Tennessee River floods was
used to build the chronology for this study. Optically Stimulated Luminescence (OSL)
dating determines the last time a quartz or feldspar grain was exposed to sunlight by
measuring radiation emission (Huntley et al., 1985). Thirty-one luminescence samples
were collected from weakly weathered flood deposits (C horizon) and surface and buried
soil horizons. The samples were processed and analyzed at the Baylor University
Geoluminescence Dating Lab using single aliquot regeneration protocols (SAR) (Murray
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and Wintle, 2003) (Supplementary Text 1). Ages are reported in years before datum,
where the datum = AD 2010.
Age was modeled for each site/profile at a 1-cm increment using a Bayesian agemodeling approach in the ‘rbacon’ Package (Blaauw and Christen, 2011) in R 3.4.0 (R
Core Team, 2017) with modifications to account for hiatuses. The OSL ages shown in
Figure 3 were converted from datum 2010 to AD 1950 to adapt ages to rbacon’s default
calendar scale. Ages reported in years before present (yr BP) use AD 1950 as the datum
point. Hiatus depths were assigned to the top of buried A horizons to indicate a reduction
of sedimentation sufficient to allow for soil formation. A maximum hiatus (i.e.,
hiatus.max) of 685 years was used based on relative soil development and actual
constrained hiatuses from LEV1. Model convergence was tested to ensure the Markov
Chain Monte Carlo iterations used to estimate age were well mixed.
2.3. Soil and Sedimentology
Bulk soil and sediment samples were used to further characterize the flood and
soil development history. Samples were collected in 5 to 10 cm increments, where the
sampling increment was adjusted based on the thickness of stratigraphic units or soil
horizons. Soil horizons were identified and described in the field and refined in the lab
using NRCS descriptive techniques (Schoeneberger et al., 2012).
Flood deposits and intervals of soil formation in the alluvial terrace profiles were
assessed using multiple techniques. Bulk density is a fundamental physical property of
soil and sediment that is often related to the particle size and mineralogy, organic matter
content, and porosity of the sample (Blake and Hartge, 1986). Oven-dry bulk density was
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measured using the clod method (Blake and Hartge, 1986) with modifications (Hirmas
and Furquim, 2006) and the core-method (Soil Survey Staff, 2014).
Grain-size distribution within a soil or sediment sample can be used to infer
differences in depositional environment, changes in parent material source (e.g., eolian,
colluvial, alluvial), primary weathering processes (physical, chemical, or biological), and
the presence or absence of translocated fines or illuviated clay. Furthermore, particle size
and statistics (i.e., granulometry) have been used as proxies for flood magnitude (Knox,
1993, 2000; Stinchcomb et al., 2011, 2012; Wang and Leigh, 2012; Toonen et al., 2015).
Particle size was measured using a Malvern 2000E laser analyzer with a HydroMU wetdispersion unit (Arriaga et al., 2006). Results for each profile are reported in weight
percent of sand (2 – 0.0625 mm), silt (0.0625 – 0.002 mm), and clay (<0.002 mm). The
granulometry was calculated using the geometric method of moments in GRADISTAT
(Blott and Pye, 2001). Clay-free values were calculated similar to previous work (Wang
and Leigh, 2012) to minimize the effects of soil formation (e.g., illuviation) on the grainsize distribution.
Flood sediment and soil in thin section provide data on the mineralogy and fabric
of the soil and sediment, adding context to episodes of flooding or landscape stability.
Thin-sections were sampled using electrical junction boxes or bulk oriented clods. They
were vacuum-impregnated with epoxy and shipped to Spectrum Petrographics for
commercial thin-section fabrication. Thin sections were examined using a petrographic
microscope and characterized using a descriptive approach (Stoops, 2003).
The magnetic properties of natural sediments have been used to determine the
duration and intensity of soil formation (Stinchcomb and Peppe, 2014) and to delineate
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sediment source (Dearing, 1999; Miller et al., 2015). Room temperature magnetic
susceptibility measurements were measured using a Bartington MS3 magnetic
susceptibility meter coupled with a dual-frequency MS2B sensor. Values are reported in
units of 10-8 m3 kg-1 for both low (Xlf, 0.465kHz) and high (Xhf, 4.65kHz) frequency
susceptibility measurements. Frequency dependence of magnetic susceptibility (Xfd) was
determined, where Xfd (%) = (Xlf – Xhf)/Xlf x 100.
The soil organic carbon (SOC) content was measured on 45 of the 157 samples
using dry combustion on a CHNS-O Costech Elemental Analyzer. The soil organic
matter content (SOM) is inferred using the loss on ignition (LOI) method (Soil Survey
Staff, 1996), where LOI provides an estimate of the organic matter content and structural
water (inter-structural water in clays) within the sample (Soil Survey Staff, 2014). The
LOI was measured using a thermogravimetric method where oven-dry samples were
weighed then heated to 650⁰C in a muffle furnace and reweighed. Adapting the methods
used in the Clarks River sub-basin downstream from the study area, a correction factor
was derived to convert LOI and clay content to SOC (Hoogsteen et al., 2015; Ferguson et
al., 2020). A linear regression model was used to estimate SOC (wt. %) using LOI and
clay (wt. %) as predictors (Supplementary Text 2).
RESULTS
The six alluvial profiles examined in this study show evidence of late Holocene
flooding along different landscape positions (Fig. 3). These alluvial profiles vary in
surface elevation in a manner that is consistent with their relict landscape position before
terrace formation. The levee sites (LEV) have elevations ranging from 173.9 meters
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above sea level (m asl) to 176.0 m asl, whereas the floodplain sites (IBT, OBT, LRT)
have lower mean elevations, ranging from 172.6 m asl to 174.6 m asl (Table 1).
Surface elevations and evidence of past flooding (the latter described below) are
consistent with the notion that these landforms flooded in the past. The TVA flood
profiles and gaged records, spanning AD 1867 to AD 1940, show that the modern surface
at all four sites lies below flood stage for most historic floods that occurred during this
time (Tennessee Valley Authority, 1940). The only exception is perhaps the AD 1936
flood, which may not have inundated all sites (Table 2). Elevation estimates of the
highest flood of record on the Tennessee River (AD 1867) suggest that it inundated all
sites in this study (Fig. 2).
3.1. Stratigraphy and Geochronology
Excavation and description of the six profiles revealed two distinct stratigraphic
units (Unit 1 & Unit 2) that consist of weathered late Holocene flood deposits (Table 1,
Fig. 3). The 31 OSL ages used to constrain these profiles to the late Holocene range from
40 ± 30 to 3120 ± 220 years before datum 2010 AD (Table 3). Conversion to years BP
results in ages ranging from -20 ± 30 to 3060 ± 220 yr BP. Only three of the 31 OSL ages
were not in relative stratigraphic order (Fig. 3 – LEV1 & LEV3). However, these three
ages were within error of the age immediately above and below in the profile.
Grain-size statistics (including clay-free calculations) show that all profiles except
LEV1 coarsened upward from Unit 1 to Unit 2. LEV1 shows a coarsening upwards trend
until ~1500 yr BP and then fines upward to the modern surface. Except for laminated fine
to medium loamy sand at ca. 171.9 m asl at IBT and laminated fine sandy loam ca. 174.6
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m asl at LEV1, all sediments described at the six sites consisted of massive, or weakly
structured fine-grained overbank facies that were subsequently weathered.

Table 2. Estimated maximum elevation of some historic flood waters above the modern
surface in meters. Elevations for each flood were extracted from flood profile elevations
(Tennessee Valley Authority, 1940). Elevations for modern surfaces were extracted from
LiDAR derived DEMs (USDA, 2020).
Site
LEV1
LEV2
LEV3
IBT
LRT
OBT

AD 1867
2.92
4.12
5.02
2.34
4.89
4.49

Height of flood above modern surface (m)
AD 1875
AD 1886
AD 1926-27
2.46
2.00
0.17
3.66
3.20
1.37
4.56
4.10
2.27
2.03
1.73
2.30
4.36
3.75
2.05
4.18
3.88
-0.10

AD 1936
-0.44
0.76
1.66
-0.71
1.69
1.44

3.1.1. Unit 1: Btb soil complex
Unit 1 is a prominent fine-grained buried subsoil with clay illuviation that
occurred at all sites. This fine-grained flood unit has a 68 % increase in mean clay
content (mean = 7.65 %) compared to the overlying Unit 2 (mean = 4.56 %). This buried
Bt horizon ranges from brown (7.5YR 4/2) to reddish-brown (5YR 4/4) at IBT, OBT, and
LRT, and dark gray (10YR 4/1) to very dark gray (10YR 4/2) at LEV1, 2, and 3. The
upper boundary of Unit 1 was between a meter to one and a half meters below the surface
and defined by the top of a well-developed buried Btb soil with reddening, clay
accumulation and textures ranging from silty clay loam to sandy loam. Soil structure in
Unit 1 ranged from prismatic to single-grained or massive.
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Figure 3. Soils and stratigraphy for the Middle Tennessee River fluvial terrace sites.
Right margin of each profile is plotted as the mean grain-size on the x-axis. Pedogenic
features are derived from field-based and micromorphological observations. Upper
profiles (OBT, IBT, LRT) are floodplains. Lower profiles (LEV1, LEV2, LEV3) are
levees. OSL ages are reported in yr BP, where BP = AD 1950.
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The age of Unit 1 was determined using 11 OSL samples across all six sites. Ages
from within Unit 1 ranged from 3120 ± 220 to 485 ± 35 yr BP. The five OSL samples
from the base of Unit 2 (see 3.1.2.) from all sites except IBT yielded ages ranging from
2190 ± 140 to 1115 ± 80 yr BP. Although the base of Unit 1 at IBT has an OSL age of
2560 ± 185 yr BP, the C/Ab horizon at top of Unit 1 has an age of 485 ± 35 yr BP. This
young age of Unit 1 is likely the result of intermingled bodies of both Unit 1 and Unit 2
flood sediment (Fig. 3). Thus, the IBT profile is not ideal for constraining the age of the
top of Unit 1. These OSL data approximate the duration of soil formation of the Unit 1
soil prior to burial as old as ~2000 years.
3.1.2. Unit 2: Compounded A-C soil complex
Overlying Unit 1, Unit 2 is a coarse-grained flood unit with a succession of buried
A and C horizons. This unit is defined by weak soil development and darker buried A
horizons that overlie minimally weathered C horizons, i.e. stacked A-C soil complex.
These multistory A-C or A-BC soils are consistent with compounded soil complexes
(sensu Morrison, 1967; Holliday, 2004) and range from brown (7.5YR 4/2 to 7.5YR 5/4)
to yellowish-brown (10YR 6/4) to very dark grayish brown (10YR 3/2). Unlike the
prismatic peds found in Unit 1, the soil structure of Unit 2 ranges from angular blocky to
single-grained and massive.
Depositional ages in Unit 2 span the late Holocene. Unit 2 is constrained by 28
OSL samples, where ages ranged from -20 ± 30 to 2190 ± 140 yr BP. This unit formed
after 1930 ± 130 yr BP but before 1905 ± 150 yr BP at the LEV1, LEV2, and LEV3 sites.
Ages at OBT are somewhat consistent with LEV sites with the initiation of Unit 2
beginning by at least 1370 ± 110 yr BP. Ages at IBT and LRT are younger, and a notable
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exception is IBT, where the uppermost-buried surface horizon in Unit 1 shows signs of
mixing with an overlying C horizon from Unit 2 (Fig. 3). This C/Ab horizon yields an
age of 485 ± 35 yr BP and suggests that the onset of Unit 2 deposition may be
considerably younger at IBT than at the other sites.
3.2. Granulometry
A comparison of the granulometry of units and landforms helps resolve the late
Holocene flood history and subsequent alteration of overbank deposits along the Middle
Tennessee River. Median (mean) grain size increases over 75% (>60%) from Unit 1 to 2
(Table 4). This coarsening upwards trend is consistent with field observations at all sites
except the LEV1 site, which shows decreasing grain-size (fines upward) after ~1500 yr
BP. Unit 1 is more poorly sorted than Unit 2 and thus has a less uniform grain-size. Unit
1 shows a less coarse skew than Unit 2, likely driven by the larger tail of fine grains and
evidence of clay translocation. The finer-grained Unit 1 is less leptokurtic than Unit 2
indicating more grains near the middle of the grain-size distribution in the latter. It is
important to note that the sample size for Unit 1 is low (n = 46, with 29 from IBT) when
compared with the sample size of Unit 2 (n=111).
Granulometry also varies by landform type. Levee sites are coarser on average
than the floodplains (Table 4). Differences in the mean grain-size increase from Unit 1 to
2 are greater in the levee sites (> +45%) than in the floodplain sites (+6%). Sorting is
similar between levees and floodplains, but the mean coefficient of variation (CV), the
ratio of the standard deviation to the mean expressed as a percentage (higher values equal
increased variation relative to the mean) is lower in levee sites. This latter point shows
that levee grain-size data, compared to floodplains, are more closely dispersed about the
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mean. Unit 2 kurtosis varied more between levees and floodplains, where levees had
more “peakedness” (leptokurtic).
3.3. Soil Characterization
The ρ, Xlf, Xfd, and LOI values from the soil stratigraphic units differ, where Unit
1 values are higher than Unit 2 (Table 5). Enhanced Xlf is associated with surface and
buried A horizons and less common in C-horizons. The LOI is also generally higher in
buried and surface horizons at all sites except LRT. The Xfd shows very little variation
between sites, where the mean Xfd for each landform falls within 2σ of the overall mean
and the total range for all sites is from 8.8 to 11.7. Bulk density (ρ) is generally higher
near the surface at all sites with two-thirds of all measurements within 1σ of the mean
and all values within 2σ of the mean. All sites have soil pH that primarily ranges between
strongly to moderately acidic (Fig. 4). Although all soil EC values are non-saline (<4 dS
m-1), they do vary by landform. Floodplains have higher EC than levees, which is
consistent with the higher clay content in the former.
Some soil characterization data vary by landform (Fig. 4). Levee sites all show
decreases in ρ, Xlf, Xfd, and LOI closer to the surface in Unit 2. Floodplains show a
decrease in ρ in a manner like that observed in the levee sites. The LOI for OBT and LRT
increases near the modern surface, whereas IBT shows a decline. Xlf is significantly
enhanced in levees when compared to floodplains and is generally elevated in buried Ahorizons compared to C-horizons.
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Table 3. Optically stimulated luminescence (OSL) ages on quartz grains from fluvial sediments sourced from all sites, middle
Tennessee River, Alabama, USA.
Overdispersion
U
Th
K
(%)c
(ppm)d
(ppm)d
(%)d
16 ± 2 2.93 ± 0.01 9.62 ± 0.01 1.37 ± 0.01

H20
(%)
10 ± 3

Cosmic
Dose rate
(mGray/yr)
0.19 ± 0.02

Dose rate
(mGray/yr)
2.65 ± 0.13

1.11 ± 0.05

14 ± 2

2.99 ± 0.01 9.14 ± 0.01 1.50 ± 0.01

10 ± 3

0.20 ± 0.02

2.90 ± 0.15

380 ± 25

3.90 ± 0.14

5±1

3.03 ± 0.01 9.87 ± 0.01 1.59 ± 0.01

15 ± 5

0.19 ± 0.02

2.73 ± 0.14

1430 ± 110

100-63

7.60 ± 0.17

7±1

3.56 ± 0.01 11.15 ± 0.01 1.84 ± 0.01

25 ± 5

0.15 ± 0.02

2.89 ± 0.15

2620 ± 185

150-100

1.48 ± 0.03

8±1

3.14 ± 0.01 9.71 ± 0.01 1.70 ± 0.01

20 ± 3

0.20 ± 0.02

2.70 ± 0.14

545 ± 35

150-100

0.65 ± 0.03

46 ± 5

3.76 ± 0.01 10.45 ± 0.01 1.65 ± 0.01

5±2

0.20 ± 0.02

3.42 ± 0.17

180 ± 15

100-63

0.39 ± 0.02

16 ± 2

4.14 ± 0.01 12.45 ± 0.01 1.84 ± 0.01

10 ± 3

0.19 ± 0.02

3.62 ± 0.18

100 ± 10

34/34

100-63

1.74 ± 0.06

14 ± 2

3.55 ± 0.01 10.90 ± 0.01 1.86 ± 0.01

10 ± 3

0.19 ± 0.02

3.40 ± 0.17

550 ± 30

BG4306

35/35

100-63

4.14 ± 0.17

12 ± 2

3.76 ± 0.01 11.84 ± 0.01 1.85 ± 0.01

10 ± 3

0.19 ± 0.02

3.50 ± 0.17

1175 ± 80

BG4273

35/35

100-63

4.93 ± 0.19

10 ± 1

3.80 ± 0.01 12.20 ± 0.01 1.88 ± 0.01

10 ± 3

0.18 ± 0.02

3.56 ± 0.18

1380 ± 95

LEV1

BG4486

33/35

250-150

7.60 ± 0.31

11 ± 1

2.53 ± 0.01 8.33 ± 0.01 1.48 ± 0.01

15 ± 3

0.18 ± 0.02

2.39 ± 0.09

3180 ± 220

LEV1

BG4522

34/35

250-150

4.72 ± 0.16

15 ± 2

2.52 ± 0.01 8.25 ± 0.01 1.46 ± 0.01

15 ± 3

0.18 ± 0.02

2.36 ± 0.09

1990 ± 130

LEV1

BG4521

33/35

250-150

3.07 ± 0.14

14 ± 2

2.11 ± 0.01 6.54 ± 0.01 1.04 ± 0.01

15 ± 3

0.18 ± 0.02

1.64 ± 0.08

1860 ± 135

LEV1

BG4487

32/35

350-250

3.09 ± 0.14

16 ± 2

1.24 ± 0.01 3.78 ± 0.01 1.21 ± 0.01

15 ± 3

0.18 ± 0.02

157 ± 0.08

1965 ± 150

LEV1

BG4520

34/35

250-150

3.38 ± 0.15

15 ± 2

1.29 ± 0.01 4.24 ± 0.01 1.26 ± 0.01

10 ± 3

0.19 ± 0.02

1.79 ± 0.09

1890 ± 135

LEV1

BG4528

34/35

250-150

3.55 ± 0.14

14 ± 2

1.29 ± 0.01 4.43 ± 0.01 1.20 ± 0.01

10 ± 3

0.19 ± 0.02

1.76 ± 0.09

1895 ± 130

LEV1

BG45273

34/35

250-150

2.96 ± 0.13

15 ± 2

1.5 ± 0.01 4.62 ± 0.01 1.33 ± 0.01

10 ± 3

0.19 ± 0.02

1.79 ± 0.09

1890 ± 135

LEV1

BG4488

33/35

250-150

3.07 ± 0.12

11 ± 1

1.16 ± 0.01 4.24 ± 0.01 1.13 ± 0.01

10 ± 3

0.19 ± 0.02

1.66 ± 0.08

1845 ± 125

LEV1

BG4526

31/33

250-150

2.95 ± 0.13

15 ± 2

1.47 ± 0.01 4.81 ± 0.01 1.24 ± 0.01

10 ± 3

0.19 ± 0.02

1.86 ± 0.09

1580 ± 110

LEV1

BG4525

33/35

250-150

2.13 ± 0.07

15 ± 2

1.75 ± 0.01 5.99 ± 0.01 1.20 ± 0.01

10 ± 3

0.2 ± 0.02

1.97 ± 0.10

1075 ± 70

LEV1

BG4519

35/35

250-150

2.29 ± 0.08

20 ± 3

1.66 ± 0.01 5.43 ± 0.01 1.12 ± 0.01

7±3

0.21 ± 0.02

1.92 ± 0.09

1185 ± 75

LEV1

BG4530

35/35

250-150

1.67 ± 0.09

23 ± 3

1.71 ± 0.01 5.67 ± 0.01 1.00 ± 0.01

10 ± 3

0.21 ± 0.02

1.77 ± 0.09

940 ± 70

LEV1

BG4477

32/35

250-150

0.08 ± 0.005

56 ± 6

1.81 ± 0.01 6.76 ± 0.01 1.05 ± 0.01

5±3

0.23 ± 0.02

1.7 ± 0.10

40 ± 30

LEV2

BG4474

33/35

250-150

5.05 ± 0.19

18 ± 2

1.36 ± 0.01 4.54 ± 0.01 1.25 ± 0.01

10 ± 3

0.18 ± 0.02

1.81 ± 0.09

2780 ± 185

LEV2

BG4475

32/35

250-150

4.24 ± 0.12

12 ± 2

1.38 ± 0.01 5.01 ± 0.01 1.27 ± 0.01

10 ± 3

0.19 ± 0.02

1.88 ± 0.09

2250 ± 140

LEV2

BG4766

34/35

250-150

3.78 ± 0.17

11 ± 1

3.55 ± 0.01 10.9 ± 0.01 1.86 ± 0.01

10 ± 3

0.2 ± 0.02

2.19 ± 0.11

1720 ± 120

LEV3

BG4481

34/35

250-150

4.16 ± 0.16

11 ± 1

2.18 ± 0.01 7.31 ± 0.01 1.37 ± 0.01

15 ± 3

0.18 ± 0.02

2.16 ± 0.11

1915 ± 130

Site
OBT

Lab
number
BG4269

Grain Size Equivalent dose
(μm)
(Gray)b
100-63
0.37 ± 0.02

Aliquotsa
48/49

OBT

BG3202

30/35

150-100

OBT

BG4271

34/35

150-100

IBT

BG4303

35/35

IBT

BG4304

34/35

IBT

BG4272

55/55

LRT

BG4270

42/45

LRT

BG4305

LRT
LRT

OSL age (yr)e
135 ± 10

17
LEV3

BG4480

34/37

250-150

3.66 ± 0.18

19 ± 2

LEV3

BG4478

34/35

250-150

2.44 ± 0.11

LEV3

BG4479

35/35

250-150

2.10 ± 0.09

LEV3

BG4477

35/35

250-150

1.37 ± 0.06

1.57 ± 0.01 5.02 ± 0.01 1.25 ± 0.01

10 ± 3

0.19 ± 0.02

1.9 ± 0.09

1920 ± 140

34 ± 4

1.2 ± 0.01 3.97 ± 0.01 1.04 ± 0.01

10 ± 3

0.19 ± 0.02

1.57 ± 0.08

1540 ± 110

15 ± 2

1.93 ± 0.01 6.22 ± 0.01 1.28 ± 0.01

10 ± 3

0.2 ± 0.02

2.09 ± 0.10

995 ± 70

41 ± 5

0.89 ± 0.01 2.74 ± 0.01 1.22 ± 0.01

10 ± 3

0.21 ± 0.02

1.59 ± 0.08

855 ± 65

a

Aliquots used in equivalent dose calculations versus original aliquots measured.
Equivalent dose calculated on a pure quartz fraction with about 40-100 grains/aliquot and analyzed under blue-light excitation (470 ± 20 nm) by single aliquot
regeneration protocols (Murray and Wintle, 2003). The central age model of Galbraith et al. (1999) was used to calculated equivalent dose when overdispersion
values are <25% (at one sigma errors; a finite mixture or minimum age model was used with overdispersion values >20% to determine the youngest equivalent
dose population.
c
Values reflects precision beyond instrumental errors; values of ≤ 25% (at 1 sigma limit) indicate low dispersion in equivalent dose values and an unimodal
distribution.
d
U, Th and K content analyzed by inductively-coupled plasma-mass spectrometry analyzed by ALS Laboratories, Reno, NV; U content includes Rb equivalent
includes also a cosmic dose rate calculated from parameters in Prescott and Hutton (1994).
b

e

Systematic and random errors calculated in a quadrature at one standard deviation. Datum year is AD 2010.
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3.2.1. Soil Micromorphology
Thin sections show that the mineralogy of the skeletal fraction (operationally
defined here as coarse silt to sand-size grains) of all sites consists of quartz, muscovite,
feldspar, amphibole, and biotite (Supplementary Tables 7-10). LEV1 contains sand-sized
metamorphic rock fragments not found at floodplain sites. LRT contains very few siltsized metamorphic rock fragments. Generally, soil plasma (fine silt and clay aggregates)
is more common in the floodplains than in the levee. At depth, this plasma is more
common in Unit 1 Btb horizons. Skeletal grains are more common closer to the surface in
Unit 2 A-C horizons, which is consistent with the granulometry.
Alteration of the skeletal fraction was observed at all sites. Translocated silt and
clay were observed in all thin sections from Unit 1 and in most Unit 2 horizons from the
floodplain sites, OBT and LRT (Supplementary Tables 7-10). Fe-rich silt and clay
coatings were observed primarily having a reddish-brown hue and infilling pores and
channels. Finer-grained horizons show layered and strongly oriented clay coatings with
prominent birefringence and clearly defined extinction lines. Coarser-grained horizons
show layered, weakly oriented silt and clay coatings with weak birefringence and diffuse
extinction lines. Evidence of redoximorphic features are common primarily in Unit 1.
Mesofauna excreta and roots are common, particularly in A, Ap, Ab, or C horizons at all
sites.
Near-surface soil at both the floodplain and levee sites have discontinuous silt and
clay coatings around the perimeter of sand-sized grains (Fig. 5A). As depth increases
these coatings often become more common and clay bridges between larger grains begin
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to appear (Fig. 5B). Further down profile, silt and clay coatings form along void surfaces
and eventually infill pores and channels as illuviated clay features (Figs. 5C and 5D).
The fine-grained soils of floodplains typically have a granular to subangular
blocky microstructure where voids consist of channels, vesicles, and vughs. Void walls
are often coated with translocated silt and clay (often layered) (Figs. 6A and 6B) in the
deeper horizons of Unit 2 (for reference, see Kühn et al., 2018) and prominent films of
clay are found in the Unit 1 Btb horizons at all sites (Figs. 6 B and 6C). Coarse-grained
soils in levees typically have simple and complex packing voids, a result of loosely
packed sand grains and sometimes smaller soil aggregates with non-accommodating
surfaces (Figs. 5A and 5B).
3.3.2. Soil organic carbon characterization
The SOC content from the six Middle Tennessee River alluvial profiles show
variations by stratigraphic unit and landform (Table 5). The mean SOC content (inferred
from LOI) is higher in the finer-grained floodplains (IBT, OBT, LRT) than in the coarsegrained levee sites (LEV1-3) (Fig. 7). The mean SOC in Unit 1 is higher than SOC in
Unit 2.
Sand- and silt-sized SOM fragments are common to very common across all sites
and all horizons in thin section. Close inspection shows that these fragments are partially
decomposed organic material (Supplementary tables – 8-11). Roots are common near the
surface at all sites and in some cases penetrate to the maximum depth of the profile.
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Table 4. Granulometry data by stratigraphic unit and landform type. Mean values calculated from Gradistat 2.0 output include
all recorded grain-size classes. Values are averaged by Soil Unit and tallied in the top row of each unit designation.
Soil
Unit

Fluvial terrace
landform
All landforms
Levee

2
Floodplain

Site ID
LEV1
LEV2
LEV3
LRT
OBT
IBT

All landforms
Levee
1
Floodplain

LEV1
LEV2
LEV3
LRT
OBT
IBT

Median (d50)
39.0
3.1
202.5
2.4
16.1
4.9
5.1
21.9
2.3
99.9
4.2
13.9
5.7
5.9

Mean
74
95
142
138
15
28
26
46
130
60
40
14
19
16

Granulometry
Sort
Skew
4.14
-0.83
4.58
-1.13
3.75
-1.61
4.16
-1.54
3.70
-0.03
4.39
-0.36
4.25
-0.34
4.62
-0.43
4.28
-1.46
5.61
-0.69
5.58
-0.42
3.96
0.13
4.43
-0.08
3.87
-0.05

Kurt
3.61
3.95
5.52
5.28
2.45
2.20
2.23
2.60
4.44
2.40
2.02
2.40
2.11
2.25

CV%
12.1
7.6
2.7
3.8
25.0
16.0
17.5
17.4
3.4
9.7
15.1
28.0
23.4
24.8

Sample
size
111
29
7
11
24
25
15
46
6
2
2
6
1
29

21

Table 5. Mean soil properties by stratigraphic unit and landform type. Values are averaged by Soil Unit and tallied in the top
row of each unit designation.
Soil Fluvial terrace
Unit
landform
Site ID
All landforms
LEV1
Levee
LEV2
2
LEV3
LRT
Floodplain
OBT
IBT
All landforms
LEV1
Levee
LEV2
LEV3
1
LRT
Floodplain
OBT
IBT

ρ
(g cm-3)
1.34
1.41
1.34
1.42
1.35
1.33
1.18
1.52
1.59
1.63
1.65
1.48
1.43
1.33

LOI
(wt. %)
2.90
1.31
1.23
1.03
6.30
3.59
3.92
46
2.58
2.00
2.21
5.25
4.06
4.77

Soil Properties
Xlf
(kg m-3)
5.75E-04
1.28E-03
1.06E-03
1.11E-03
6.59E-07
4.22E-07
4.11E-07
3.48
3.70E-03
2.20E-03
2.44E-03
6.34E-07
4.37E-07
4.32E-07

Xfd
(%)
10.0
8.8
10.1
9.0
11.2
9.9
11.2
10.9
10.4
11.2
11.2
11.7
10.0
11.1

SOC
(wt. %)
0.58
0.25
0.27
0.18
1.33
0.71
0.77
0.60
0.35
0.31
0.29
1.00
0.72
0.92

Sample
size
111
29
7
11
24
25
15
46
6
2
2
6
1
29
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Figure 4. Soil properties by depth for the Tennessee River alluvial profiles. Depth below
surface (- cm) is shown in place of elevation to improve visual comparison between sites.
See Sand data for key to color and symbol shape.
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Figure 5. Thin-section photomicrographs from the Middle Tennessee River sites,
Alabama, USA. Plane-polarized light = PPL, cross-polarized light = XPL. (A) PPL image
showing discontinuous silt and clay coating some grain boundaries (red arrows point to
prominent features) in a LEV1 flood deposit 33 cm below the surface. (B) XPL image
showing silt and clay bridging skeletal grains (red arrows) in a LEV1 flood deposit 66 cm
below the surface. (C) PPL image showing illuviated clay filling a pore or void in a
LEV1 flood deposit 178 cm below the surface. (D) XPL image showing the same feature.
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Figure 6. Thin-section photomicrographs from the Middle Tennessee River sites,
Alabama, USA. Plane-polarized light = PPL, cross-polarized light = XPL. (A) PPL image
showing silt and clay coating the perimeter of a pore in a LRT flood deposit 86 cm below
the surface. (B) XPL image showing the same feature. (C) PPL image showing illuviated
clay filling a pore or void in a OBT flood deposit 237 cm below the surface. (D) XPL
image showing the same feature.
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Figure 7. SOC content plotted as a function of landform and stratigraphic unit. A twoway ANOVA shows that the interaction between landform and strata is not significant
(F=1.034, p=0.311), and thus the additive model is preferred. A two-way ANOVA
(additive model) shows that the mean SOC (all) between landforms is significantly
different (F=197.992, p<2e-16). The right plot includes SOC from >30 cm below the
surface (deep SOC) that differs by stratigraphic unit (F=7.875, p=0.00577).
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DISCUSSION
4.1. Paleoflood reconstruction
TVA flood profiles (Tennessee Valley Authority, 1940) show at least eight major
floods occurred along this stretch of the river between AD 1867 and AD 1940, while
profile morphology and particle size suggests that past floods drove sediment deposition
at all sites. Two luminescence ages from this study overlap with gaged historic floods and
allow us to evaluate the potential to use grain-size to infer flood magnitude. These two
historic OSL ages and associated sediment are consistent with the notion that particle size
relates to flood magnitude. The 40 ± 10 yr BP OSL age at LRT is likely overbank
sediment deposited during the AD 1917 flood. Whereas the 75 ± 10 yr BP OSL age at
OBT is likely overbank sediment deposited during the AD 1867 and/or the AD 1875
floods, which are the largest floods on record for this reach of the Tennessee River.
A comparison of the flood magnitude proxies (RFS, >0.25std & Relative Sand) for
the inferred flood of record (AD 1867/1875) shows that it had a larger magnitude than all
subsequent historic floods and that of the AD 1917 flood at LRT (Table 6). And although
the particle-size and flood relationship may be complicated by anthropogenic land use
activities, including dam construction in the 1930s (Tennessee Valley Authority, 2020),
these data are consistent with the historic records of relative flood magnitude and suggest
that >0.25std is suitable for inferring changes in flood magnitude along the Middle
Tennessee River.
What does the record of pre-gaged (paleo)flood accumulation rate and magnitude
look like along this reach of the Tennessee River? The levee has distinct flood
stratification, where buried soils at the levee that suggest at least seven major floods have
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occurred across the study area since ~2000 yr BP. Granulometry shows that variation in
the sorting, skewness, and kurtosis of grains reflects differences in flood deposition and

Table 6. Comparison of grain-size proxies from selected historic flood deposits along the
Middle Tennessee River study area.
Historic
Sample
OSL age
Flood1
Individual
AD 1867
135 ± 10 BP
or1875
OBT sample
(Mean of historic floods since AD 1867)
Site

Individual
100 ± 10 BP
AD 1917
LRT sample
(Mean of historic floods since AD 1917)

>0.25std2

Relative
Sand

1.57

1.77

1.44

(1.09)

(1.10)

(0.80)

-0.71

1.09

-1.23

(-0.43)

(0.52)

(-1.07)

RFS

1

Historic floods inferred from OSL ages.
this is the normalized residual following Leigh (2017) and modified after Wang and Leigh (2012)

2

weathering across units and landform types. These differences also help to explain
variation in soil properties such as increased Xlf values at LEV1. Enhanced Xlf values are
likely due to presence of metamorphic sand-sized grains absent at other sites. Whereas
higher EC values at floodplain sites are associated with more clay.
Sediment accumulation rates (SR) were modeled for each luminescence age
following Kemp et al., 2020. The resulting SR along with paleoflood magnitudes reveal
how levees and floodplains accumulated sediment during the Late Holocene. There is a
slight increase in SR at the levee sites ~2000 yr BP, which coincides with a relative
increase in flood magnitude (+ >0.25std) on both floodplains and levees ~1600 yr BP (Fig.
8). There is not enough age control on the floodplains to determine whether a similar
increase in SR occurred ~2000 yr BP. Levees show an apparent decline in SR associated
with a peak in flood magnitude ~1600 yr BP, where this trend is less evident in the
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floodplains. An increase in SR and flood magnitude at both floodplain and levee sites
occurred after 500 yr BP (Fig. 8).

Figure 8. Late Holocene paleoflood reconstructions for Middle Tennessee fluvial
terraces. Sediment accumulation rates (SR) and paleoflood magnitude shown for
floodplain sites (upper panel) and levee sites (lower panel).

The potential mechanisms driving flooding were examined to better understand
the link between past floods and deep SOC content in these valley bottoms. The higher
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flood magnitude ~1600 yr BP evident at levee and floodplain sites coincides with more
landfall hurricanes from the Caribbean to the Gulf Coast as inferred from paleotempestite deposits (Liu and Fearn, 2000; Donnelly and Woodruff, 2007; Coor, 2012). A
paleostorm model shows two intervals of shorter return periods of large storms: 2500 to
1800 cal yr BP and 1300 cal yr BP to present (Coor, 2012). The increase in hurricane
activity may explain the change in granulometry and SR from Unit 1 to 2. Unit 2 deposits
between 2000 and 1000 yr BP show evidence of changes in weathering as represented by
stacked A-C horizons with relatively little subsoil development.
From 200 yr BP until impoundment flood magnitude (0.25std >0) and SR increase
at both the levee and floodplain sites. Increasing flood magnitude at floodplain sites could
be a result of post Little Ice Age (after 250 yr BP) flood conditions denoted by increased
lower elevation floods. A recent interval of paleo-hurricane activity could also be
responsible for this increase in flood magnitude at lower elevation sites (Coor, 2012),
however, confounding factors include human land-use locally and upstream (Kemp et al.,
2020, accepted). Other potential drivers of past floods may include snowmelt, locally or
from upstream, heavy or prolonged periods of precipitation, high soil moisture and log or
ice jams. Regardless of the forcing mechanism responsible for the change in flooding, the
change in flood style has important consequences for soil development on these
landforms.
4.2. Paleofloods, landform type and deep SOC
How does paleoflood magnitude influence SOC content along the humidsubtropical Tennessee River valley? The SOC content decreases with increasing flood
magnitude (Fig. 9). This inverse correlation reflects the spatial variation in flood energy
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and the transport and deposition of detrital OM. Floodwater energy can vary spatially
across the alluvial landscape and affect sediment size in the water column and deposition
(Zwoliński, 1992; Mycielska-DowgiaŁŁo and Ludwikowska-Kedzia, 2011; Skolasińska,
2014). Resisting forces, e.g., flood surface roughness, vegetation, or changes in relief,
exert control on the size of sediment depositing from the floodwater column as the
velocity declines (Brundsen, 2001). As a result, a steep lateral size gradient occurs where
the coarser fraction is deposited perhaps no further than one channel width from the
active channel – the levee (Hudson et al., 2008). Increased flood energy along levees
results in coarse grain deposition, whereas the lighter, detrital OM (<2 mm) bypasses this
landform, resulting in overall lower SOC content. Decreased flood energy along
floodplains is where fine grains deposit along with deposition of detrital OM (<2 mm),
which is partly responsible for the higher SOC content. The presence of detrital OM was
confirmed in a separate study, where 14C ages ~1000 to 1500 years older than the flood
age were observed along the floodplain (LRT) is consistent with this model of SOC
storage (Blackaby et al., 2018). Higher flood velocity likely prevents the deposition and
subsequent storage of the <2 mm detrital OC along the levee.
In addition to flood magnitude the landform-dependent variation in soil formation
affects the deep (>30 cm below the surface) SOC content. Fine-grained floodplains have
a larger mean deep SOC percent by weight (0.89 ± 0.08) than the mean deep SOC (0.24 ±
0.04) of coarse-grained levee (Table 5, Fig. 9). Eluviation and illuviation of fine grains
down the profile may affect the boundary between Unit 1 and Unit 2. Soil aggregates
formed in Btb horizons at the base of levee sites are associated with less SOC content
than overthickened, or cumulative, Btb horizons at floodplain sites. An increase in the
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volume of smaller grain sizes (silt and clay) is associated with soil aggregation. Thus, the
interaction of landform type and grain size is an important factor that affects soil
formation and the SOC content of flood deposits (Hoffmann et al., 2009; Ferguson et al.,
2020).

Figure 9. Deep SOC (>30 cm) plotted as a function of paleoflood magnitude (>0.25std).
An inverse relationship between SOC and >0.25std is significant at levee sites and much
less clear at floodplain sites. Floodplain sites have higher SOC content than levee sites.
Levee sites have increased SOC content at depth in Unit 1 and floodplain sites have the
highest SOC values in Unit 2. Increased SOC content is associated with silt and clay
translocation and soil aggregate formation.

4.3. Uncertainty related to changes in land use and plant communities
There are uncertainties in our understanding of why SOC varies across the study
area. Lack of direct knowledge of plant community variation in the study area throughout
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the late Holocene is a source of uncertainty related to the SOC content of soils. All sites
have likely experienced land use change related to various modern, historic, and
prehistoric anthropogenic activities. These unknown changes in plant communities and
land use could have affected the C inputs and observed variations in SOC content.
However, we do know that modern vegetation at all sites consists of riparian deciduous
trees, shrubs, and grasses flanked in a few cases by row crops (soybeans).
Floodplain agriculture was commonly practiced by Euro-Americans across
Alabama and was well established in the study area by AD 1816 (Gates, 2017). It is
therefore likely that some sites have been under cultivation sometime in the past.
Evidence of prehistoric land use inferred from archaeological botanical remains, changes
in pollen content, and charcoal type in the Little Tennessee River Valley can provide
some insight into changes in plant communities over time. Cultivation of native plant
species along streams began by ~5000 yr BP, generally increased in intensity by ~1000 yr
BP, and continued until the historic period ~300 yr BP (Delcourt and Delcourt, 2004). A
history of landscape modification also exists along the eastern escarpment of the
Cumberland Plateau in eastern Kentucky (Ison, 2000). A similar pattern of prehistoric
landscape modification may have occurred in the middle Tennessee River valley.
Anthropogenic land use in the study area over the last ~3000 years complicates potential
relationships between SOC and vegetation cover.
Changes in the type or amount of vegetation cover undoubtedly contributed to
SOC content variability through time. It is well known that converting native landcover
to cultivated plants can result in a rapid decline in SOC content particularly < 30cm deep
(Mann, 1986; Schlesinger, 1990; Davidson and Ackerman, 1993). This implies that
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historic agricultural practices likely reduced SOC content of shallower, disturbed layers
associated with the upper portion of Unit 2. This is consistent with findings that Unit 2
contains significantly less SOC than Unit 1 but the relationship between changes in
vegetation and SOC content variability is difficult to explain without complete land
management records. Reversion of agricultural croplands to native plant species has been
shown to increase SOC content (Post and Kwon, 2000; and references therein) and this
further complicates the relationship between, changes in plant communities and SOC.
Archaeological records and pollen analysis of surrounding regions suggest that
increasing intensity and expanse of prehistoric horticultural and agricultural land use
practices in the region (Delcourt and Delcourt, 2004) likely had an impact on the SOC
content. The impact of prehistoric land use activities at both a local and regional scale
were much less when compared to Euro-American land-clearing practices (Dotterweich
et al., 2014). There is also evidence that suggests more intensive agricultural practices by
indigenous populations after ~1000 yr BP resulted in soil erosion but this appear to
primarily have occurred in uplands rather than floodplains (Delcourt and Delcourt, 2004;
Dotterweich et al., 2014).
The impact of anthropogenic land use on SOC content since the late Holocene is
difficult to quantify for our study area. If we consider the likelihood that similar land use
practices occurred at all sites in the study area it is reasonable to expect that similar
effects on SOC content have manifest. In any case, anthropogenic land use has been
widespread across the study area and it is likely that no surface layers have been
unaltered. It is possible that anthropogenic activities can explain some of the variation in
SOC content as these is more SOC in Unit 1 than Unit 2 and the latter is associated with
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an interval of increased indigenous and Euro-American agriculture practices. Yet
flooding also contributes to SOC content through deposition of detrital OM and
preservation of SOC through burial and silt and clay illuviation which leads to soil
aggregate development.
4.4. A model of SOC storage dependence on landform and flooding
Regardless of variation in paleoflood magnitude and changes in plant
communities through time the levee stores SOC in flood deposits in a manner different
than the floodplain sites (Fig. 9). The levees (LEV1, LEV2 and LEV3) and floodplains
(IBT, OBT and LRT) experienced a similar range of large (+ >0.25std) and small (>0.25std) flood magnitudes, yet SOC is more weakly correlated with the >0.25std proxy in
floodplains and more strongly correlated with the >0.25std proxy in levee sites.
A simple conceptual model is presented that links landform-dependent particle
size and flood properties to the SOC content and storage potential in a humid-subtropical
river valley (Fig. 10). Paleoflood records along alluvial valley bottoms are susceptible to
weathering and open-system mass transport of fine particles and this appears to be the
case along the Middle Tennessee River. Variability in soil-forming processes between the
levee and floodplain landforms explains the different correlation strengths between SOC
and flood magnitude. Coarse-grained landforms have fewer fine particles available to
translocate and form soil aggregates. Due to an increased volume of coarse grains greater
void space is available allowing for an increased oxygen environment. Subsoil
environments rich in oxygen drive aerobic soil microbial activity that decreases SOC
content (Gan et al., 2013).
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Finer-grained landforms have more silt and clay and are associated with increased
silt and clay elluviation-illuviation, development of soil aggregates and higher SOC
content. The development of silt and clay soil aggregates facilitates storage by protecting
SOC from oxidation (Six et al., 2002; Bullinger-Weber et al., 2014) and this appears to
be the case along the middle Tennessee River valley. Fine-grained landforms
(floodplains) contain more SOC than coarse-grained landforms (Levees).
Despite differences in aggregate development, frequent large storm events led to
vertical infiltration of soil water enabling clay illuviation in the lower layers of both levee
and floodplain landforms. Coincident with the increase in flood magnitude ~2000 yr BP
is a transition in the nature of weathering as the landforms build vertically upward (i.e.,
Unit 1 to 2). After 2000 yr BP, essentially all levee and floodplain sites show A-C or ABC soil development. The lack of an apparent increase in SR at this same time discounts
the possibility that increased flood frequency and shorter weathering durations are
responsible for this style of soil development. Rather, it appears that increasing flood
magnitude following 2000 yr BP led to more vertical infiltration of water and
translocation of fines down the profile. Thus, diachronic changes in the frequency of
large storms and flood magnitude drove changes in eluviation-illuviation that overprinted
buried soil and increased clay and SOC content within Unit 1. This is evident at levee
sites more so than the floodplain sites.
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Figure 10. A conceptual model showing factors that can determine SOC variability in
alluvial depositional settings. Minus signs indicate a decrease and plus signs indicate an
increase. Differences in grain-size, driven by variation in flood energy, result in two
distinct C storage pathways. Primarily fine-grained landforms contain more SOC due to
decreased oxidation and likely increased deposition of detrital OM. Primarily coarsegrained landforms contain less SOC due to increased oxidation.

CONCLUSIONS
How flood history and alluvial landform development influence the storage of
deeper carbon (>30 cm) in the valley floor is not well known. I show here that alluvial
profiles along terraces of the Middle Tennessee River archive a late Holocene history of
flooding and SOC burial. I found that multiple surfaces were repeatedly buried in river
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alluvium by floods that included detrital OM, where this detritus has been shown in some
cases to have a mean 14C age that is ~1,000 to 1,500 years older than the age of the flood
(Blackaby et al., 2018). Historic and prehistoric floods varied in magnitude as inferred by
grain-size and show a valley-wide increase by 2000 yr BP. Landscape position exerts a
strong control on the grain-size population and the rate and amount of sediment
accumulation by floods. These conditions combined with soil formation influenced the
SOC content over the past ~3,000 years. Historic changes in flood magnitude have a
more direct effect on the SOC content of the coarse-grained levee than along fine-grained
floodplains. I provide a simple conceptual model that relates this landform- and flooddependent variation in SOC to fine-grained sediment supply limitation, soil biological
activity, aggregate formation, and pore network development. In sandy levees “starved”
of fines the subtle changes in the input of silt and detrital clay during flooding have a
more direct effect on aggregate formation, which acts to protect SOC. Notably, soil
micromorphology shows silt and clay translocated to depths >1 m in some cases, helping
to retain SOC through soil aggregate stabilization on timescales ranging from 101 to 103
years. Alluvial landforms have a memory (flood history) that dictates their
geomorphology and influences the SOC content.
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SUPPLEMENTARY INFORMATION
Supplementary Text 1.
Strata were sampled for luminescence dating after a full understanding of
sedimentology, extent of soil development, and associated lateral changes was completed
in the field. We extracted at least three samples for luminescence dating from each
stratigraphic section and scrupulously avoided horizons of pedogenesis, favoring primary
depositional strata. Sampling for OSL dating used “light tight” 5-cm-diameter and 15cm-long sections of black ABS pipe or steel pipe, which were easily hammered into the
desired sampling level.
Single aliquot regeneration (SAR) protocols (Murray and Wintle, 2003) were
used in this study to estimate the apparent equivalent dose of the 63-100, 100-150 or 150250 μm quartz fraction for 49 to 34 separate aliquots (Table 3). Each aliquot contained
approximately 100 to 300 quartz grains corresponding to a 1.0 millimeter circular
diameter of grains adhered (with silicon) to a 1 cm diameter circular aluminum disc. This
aliquot size was chosen to maximize light output for the natural with excitation; smaller
aliquots often yielded insufficient emissions (<400 photon counts/s). The sands analyzed
were mineralogically mature with SiO2 content of 80% to 90% of the non-carbonate
fraction and are predominantly (>80%) well-sorted quartz grains. The quartz fraction was
isolated by density separations using the heavy liquid Na–polytungstate, and a 40- minute
immersion in HF (40%) was applied to etch the outer ~10 µm of grains, which is affected
by alpha radiation (Mejdahl and Christiansen, 1994) Quartz grains were rinsed finally in
HCl (10%) to remove any insoluble fluorides. The purity of quartz separate was
evaluated by petrographic inspection and point counting of a representative aliquot.
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Samples that showed >1% of non-quartz minerals were retreated with HF and rechecked
petrographically. The purity of quartz separates was tested by exposing aliquots to
infrared excitation (1.08 watts from a laser diode at 845 ± 4 nm), which preferentially
excites feldspar minerals. Samples measured showed weak emissions (<200
counts/second), at or close to background counts with infrared excitation, and ratio of
emissions from blue to infrared excitation of >20, indicating a spectrally pure quartz
extract (Duller et al., 2003).
An Automated Risø TL/OSL–DA–15 system (Bøtter-Jensen et al., 2000) was
used for SAR analyses. Blue light excitation (470 ± 20 nm) was from an array of 30 lightemitting diodes that deliver ~15 mW/cm2 to the sample position at 90% power. Optical
stimulation for all samples was completed at an elevated temperature (125 °C) using a
heating rate of 5 °C/s. All SAR emissions were integrated over the first 0.8 s of
stimulation out of 40 seconds of measurement, with background based on emissions for
the last 30- to 40-second interval. The luminescence emission for all quartz sands showed
a dominance of a fast component (see Murray and Wintle, 2003) with >90% diminution
of luminescence after 4 seconds of excitation with blue light and with a fast ratio of >15
(Durcan and Duller, 2011).
A series of experiments was performed to evaluate the effect of preheating at 180,
200, 220, 240 and 260 °C on isolating the most robust time-sensitive emissions and
thermal transfer of the regenerative signal prior to the application of SAR dating
protocols (see Murray and Wintle, 2003). These experiments entailed giving a known
dose (20 Gy) and evaluating which pre-heat resulted in recovery of this dose. There was
concordance with the known dose (20 Gy) for pre-heat temperatures above 200 °C, with
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an initial preheat temperature used of 220 °C for 10 s in the SAR protocols. A “cut heat”
at 160 °C for 10 s was applied prior to the measurement of the test dose and a final
heating at 260 °C for 40 s was applied to minimize carryover of luminescence to the
succession of regenerative doses. A test for dose reproducibility was also performed
following procedures of Murray and Wintle (2003) with the initial and final regenerative
dose of 9.8 Gy yielding concordant luminescence responses (at one-sigma error)
Calculation of equivalent dose by the single aliquot protocols was accomplished
for 30 to 48 aliquots (Table 3). For most samples all aliquots were used for the final (De)
distribution and age determination; only twelve aliquots out of 358 were removed from
analysis because the recycling ratio was not between 0.90 and 1.10, the zero dose was
>5% of the natural emissions, equivalent dose error was>10% or the fast ratio was below
15. Equivalent dose (De) distributions, except for one samples BG4272, were log normal
and exhibited overdispersion values ≤ 16% (at two-sigma errors) (Table 3). An
overdispersion percentage of a De distribution is an estimate of the relative standard
deviation from a central De value in context of a statistical estimate of errors (Galbraith
et al., 1999; Galbraith and Roberts, 2012). A zero overdispersion percentage indicates
high internal consistency in De values with 95% of the De values within 2σ errors.
Overdispersion values ≤ 20% are routinely assessed for small aliquots of quartz grains
that are well solar reset, like eolian sands (Olley et al., 2004; Wright et al., 2011; Meier et
al., 2013) and this value is considered a threshold metric for calculation of a De value
using the central age model of Galbraith et al., (1999). Overdispersion values >20% (at
two sigma limits) indicate mixing or grains of various ages or partial solar resetting of
grains; finite mixture age model is an appropriate statistical treatment for such data
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(Galbraith and Green, 1990), and this model was used for quartz extracts for BG4272
with overdispersion values of 46 ± 5% (Table 3).
A determination of the environmental dose rate is a needed to render an optical
age, which is an estimate of the exposure of quartz grains to ionizing radiation from U
and Th decay series, 40K, and cosmic sources during the burial period (Table 3). The U
and Th content of the sediments, assuming secular equilibrium in the decay series and
40K, were determined by inductively coupled plasma-mass spectrometry (ICP-MS)
analyzed by Activation Laboratory LTD, Ontario, Canada. The beta and gamma doses
were adjusted according to grain diameter to compensate for mass attenuation (Fain et al.,
1999). A significant cosmic ray component between 0.15 and 0.20 mGy/yr was included
in the estimated dose rate taking in to account the current depth of burial (Prescott and
Hutton, 1994). A moisture content (by weight) of 5 ± 2 %, 10 ± 3 and 25 ± 5% was used
in dose rate calculations, which reflects the variability in current field moisture
conditions.

Supplementary Text 2. Detailed description of SOC correction factor for Middle
Tennessee River profiles.
The loss-on-ignition (LOI) and clay content were converted to SOC using a
multiple regression model, based on previous work (Ferguson et al., 2020; Hoogsteen et
al., 2015). The results of SOC correction show the multiple regression model has an R2 of
0.89 and SE of 0.13 on 42 degrees of freedom (Supplementary Table 1), where the model
includes LOI and clay as predictors. An actual versus predicted plot shows that the
multiple regression predicts the measured SOC reasonably well, R2 = 0.89 (Supplemental
Figure 1).
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Supplementary Table 1. Coefficients of model prediction for SOC (y) on LOI and clay
using the Hoogsteen et al. (2015) equation form.
Intercept
LOI
clay

Estimate
0.008685
0.27442
-0.048031

Standard error
0.037003
0.017014
0.010552

t value
0.235
16.130
-4.552

Pr (>|t|)
0.816
<2e-16
4.5e-05

Supplementary Figure 1. Actual versus predicted plot of Middle Tennessee River SOC
data. Solid line is a linear regression showing fit between the predicted and measured
values (R2=0.89, SE=0.13) on 43 degrees of freedom.
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Supplementary Table 2. Soils description and stratigraphy of the OBT site.

Unit Horizon

Depth
(cm)

A

0-9

C

9-40

Light yellowish brown (10YR 6/4) well-sorted loamy sand with weak or massive single-grained structure;
few to common, fine roots; indurated; sharp lower boundary

Ab

40-70

Dark grayish brown (10YR 4/2) well-sorted sandy to silt loam with weak or massive single-grained
structure

C2

70-130

Pale brown (10YR 6/3) well-sorted loamy sand with weak or massive single-grained structure

2Btb

130-280

Reddish brown (5YR 4/4) silty clay loam with prismatic structure; common, prominent clay coatings
along ped faces

2

1

Description
Brown (7/5YR 5/3) well-sorted sandy loam to loamy sand with weak or massive single-grained structure;
common, fine roots; indurated; smooth lower boundary
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Supplementary Table 3. Soils description and stratigraphy of the IBT site.

Depth
Unit Horizon
(cm)
A
0-11

Description
Brown (10YR 5/3) sandy loam with weak or massive single-grained structure

Ap

11-61

Brown (10YR 4/3) sandy loam with weak or massive single-grained structure; possible buried plow zone

C

61-111

Brown (10YR 4/3) well-sorted fine to medium loamy sand with weak or massive single-grained structure;
discontinuous (5-10 cm length) laminations and beds; clear lower boundary

C/Ab

111-161

Brown (7.5YR 4/2) sandy loam to loam with fine sub-angular blocky structure; common channel pores and
burrows; gradual lower boundary with evidence of intermingled components from the overlying C horizon

Btb

161-340

Brown (7.5YR 4/3) mottled with Very Dark Gray (10YR 3/1), gleyed, redox depletion on channel and ped
faces; clay coatings on some ped faces; some roots

BCtgb

340-360

Mostly unaltered C material

2

1
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Supplementary Table 4. Soils description and stratigraphy of the LRT site.

Unit Horizon

2

1

Depth
(cm)

Description
Yellowish brown (10YR 5/4) medium to well-sorted micaceous loam with weak or massive single-grained
structure; common, fine roots and fine burrows

A

0-20

BC

20-52

Light yellowish brown (10YR 6/4) medium to well-sorted micaceous loam with weak or massive singlegrained structure; common, medium roots; common, medium burrows; wavy lower boundary with cm
scale relief across contact

Ab

52-62

Brown (7.5YR 5/3) micaceous silt loam with strong, medium subangular blocky structure; many fine
channel pores with no roots present

BC2

62-90

Brown (7.5YR 5/4) loam with medium to coarse subangular blocky structure; common fine channel pores
with no roots

Ab2

90-100

Brown (7.5YR 5/3) micaceous silt loam with medium to coarse subangular blocky parting to fine to
medium granular structure; few, discontinuous clay coatings along channels

BC3

100-120

Brown (7.5YR 4/2) silt loam with medium angular blocky structure; very few to few channel pores; this
BC is more pedogenically modified than upper BC horizons; diffuse lower boundary

Ab4
Btb4

120-135
135-250

No description
No description
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Supplementary Table 5. Soils description and stratigraphy of the LEV1 site.

Unit Horizon

2

Depth
(cm)

Description
Brown (10YR 5/3) well sorted fine sand with weak or massive single-grained structure; common very fine
to medium roots

Ap

0-33

ACb

33-61

Brown (10YR 4/3) well-sorted fine sand with weak or massive single-grained structure

Ab2

61-82

Dark brown (10YR 3/3) well-sorted fine sand with weak or massive single-grained structure; few very
fine roots

C2

82-97

Brown (10YR 4/3) to dark yellowish brown (10YR 4/4) well-sorted fine sand with weak or massive
single-grained structure

Ab3

97-106

Brown (10YR 4/3) micaceous well-sorted fine sand with weak or massive single-grained structure

C3

106-128

Pale brown (10YR 6/3) micaceous well-sorted fine sand with weak or massive single-grained structure

ACb4

128-150

Very dark greyish brown (10YR 3/2) micaceous well-sorted fine sandy loam with weak to moderate very
fine angular blocky structure; few very fine roots

Ab5

150-155

Dark gray (10YR 4/1) micaceous well-sorted fine sandy loam with weak to moderate fine angular blocky
structure

Btb

155-180

Dark grayish brown (10YR 4/2) micaceous well-sorted silt loam with weak very fine to fine angular
blocky structure

1
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Supplementary Table 6. Soils description and stratigraphy of the LEV2 site.

Unit Horizon

Depth
(cm)

A

0-10

Ap

10-33

Dark yellowish brown (10YR 4/4) micaceous well sorted fine sand with weak to moderate, fine angular
blocky structure; few very fine to very coarse roots

Ab

33-44

Brown (7.5YR 4/4) with dark reddish brown (5YR 3/2) to reddish brown (5YR 4/3) stains, well-sorted fine
sand with weak to moderate fine angular structure.

C

44-70

Dark yellowish brown (10YR 4/4) micaceous well sorted fine sand with weak to massive single-grained
structure

Ab2

70-85

Brown (10YR 4/3) (slightly darker than base of unit) micaceous well-sorted fine sand with weak or
massive single-grained structure; common very fine to medium roots

C2

85-129

Brown (10YR 5/3) micaceous well sorted fine sand with weak or massive single-grained structure;
common very fine to medium roots

Ab3

129-137

Dark greyish brown (10YR 4/2) micaceous well sorted fine sandy loam with weak or massive singlegrained structure; few coarse to very coarse roots

C3

137-148

Dark yellowish brown (10YR 4/4) micaceous well sorted fine sand with weak or massive single-grained
structure

Ab4

148-163

Dark gray (10YR 4/1) micaceous well-sorted sandy loam with weak or massive single-grained structure;
few medium to very fine roots

2

1

Description
Brown (10YR 4/3) micaceous well sorted fine sand with weak to moderate fine angular blocky structure;
common very fine to coarse roots
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Supplementary Table 7. Soils description and stratigraphy of the LEV3 site.

Unit Horizon

Depth
(cm)

Description
Brown (10YR 5/3) well-sorted fine sand with weak to moderate medium to fine angular blocky structure;
common very fine to fine roots

Ap

0-14

Ap2

14-24

Pale brown (10YR 6/3) well-sorted fine sand with weak to moderate medium to fine angular blocky
structure; common very fine to fine roots

C

24-33

Light yellowish brown (10YR 6/4) well-sorted medium to fine sand with massive or single-grain
structure; few very fine to fine roots

Ab

33-41

Dark yellowish brown (10YR 4/6) well-sorted fine sand with massive or single-grained structure; few
very fine to fine roots

C2

41-47

Yellowish brown (10YR 5/4) well-sorted fine sand with massive or single-grained structure; few very fine
to fine roots

Ab2

47-58

Light yellowish brown (10YR 6/4) well-sorted fine sand with massive or single-grained structure; few
very fine to fine roots

C3

58-74

Yellowish brown (10YR 5/4) well-sorted very fine to fine sand with massive or single-grained structure;
few very fine to fine roots

Ab3

74-83

Brown (10YR 4/3) micaceous well-sorted fine sand with weak to moderate medium angular blocky
structure; few very fine to fine roots

ACb4

83-87

Very dark grayish brown (10YR 4/2) micaceous well-sorted fine sand with weak to moderate fine angular
blocky structure; few very fine to fine roots

Ab5

87-101

Dark brown (10YR 3/3) micaceous well-sorted fine sand with massive or single-grained structure; few
very fine roots

C5

101-119

Dark yellowish brown (10YR 4/4) micaceous well-sorted fine to medium sand with weak to moderate
medium angular blocky structure

Agb6

119-134

Dark grayish brown (10YR 4/2) micaceous well-sorted fine sand with weak to moderate fine angular
blocky structure

2
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1

.

2Btgb

134-161

Very dark grayish brown (10YR 4/2) micaceous well-sorted very fine to fine sandy loam with weak to
moderate fine angular blocky structure; redoximorphic features and root infills, brown (10YR 4/3)
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Supplementary Table 8. Soil micromorphology description of the OBT site.
Unit

2

1

Horizon

Depth
(cm)

Fabric

Voids &
Microstructure
Channel and
massive
microstructure;
channels,
discontinuous
laminations, and
vesicles.

C

Close
porphyric;
granostriated
36
and stipplespeckled bfabric.

Ab

Close
porphyric;
granostriated
42
and stipplespeckled bfabrics.

Massive and channel
microstructure;
channels, vesicles,
and vughs.

C2

Close to
single-space
96 porphyric;
granostriated
b-fabric.

Channel
microstructure;
channels, vesicles,
and vughs.

Doublespaced
porphyric;
237 granostriated
and
porostriated bfabrics.

Weakly separated
angular blocky with
partially
accommodating
planes and
intrapedal channel
microstructure;
linear voids,
channels, vesicles,
and vughs.

2Btb

Mineralogy

Pedofeatures
Few silt/clay coatings along grain boundaries
possibly in pedorelicts, some with
laminations; common, coarse and fine siltsized opaque OM fragments; mesofauna
excreta in voids or channels; common root
fragments.

Subangular
Quartz, feldspar,
mica, and
amphibole.

Subangular
Quartz, feldspar,
mica, and
amphibole.

Few silt/clay coatings along grain boundaries
or as bridges between grains, pore and
channel walls (layered); few reddish-brown
disorthic Fe/Mn nodules; common coarse,
opaque organic masses (some as charcoal
frags.); common fine opaque grains or
disseminated OM.
Common, silt/clay coatings (discontinuous)
along grains boundaries, pore, and channel
walls (layered and laminated); very few OM
masses; few Fe/Mn nodules, some disorthic;
mesofauna excreta common in voids or
channels.
Common, clay coatings in pores and along
channel walls (laminated); few, partially
decomposed OM fragments in linear voids;
common dark reddish black orthic nodules
(Fe/Mn); sand sized reddish black Fe
aggregates, silt sized Fe/Mn concentrations,
silt-sized OM common.
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Supplementary Table 9. Soil micromorphology description of the IBT site.
Unit

2

Horizon

C

C/Ab

Depth
(cm)

Fabric
Close
porphyric
alternating with
double-spaced
to open
84
porphyric;
granostriated
and stipplespecked bfabrics.
Close
porphyric;
porostriated,
124 granostriated
and stipplespeckled bfabrics.

1

Btb

Close to singlespace
225 porphyric;
granostriated bfabric.

Voids &
Microstructure

Vughy and massive
microstructure;
discontinuous
laminations,
vesicles, and vughs.

Mineralogy

Subangular
quartz, feldspar,
mica, and
amphibole.

Channel and
massive
microstructure;
channel and some
linear voids,
vesicles, and vughs.
Medium separated
angular blocky with
partially
accommodating
planes and
intrapedal channel
microstructure;
linear voids,
channels, vesicles,
and vughs.

Subangular
quartz, feldspar,
mica, and
amphibole.

Pedofeatures

Very few silt/clay coatings along grain
boundaries possibly in pedorelicts; few, fine
organic masses with varying states of
decomposition; one example of sorted, flood
deposited laminations; mesofauna excreta in
voids.

Very few silt/clay coatings along grain
boundaries, pore and channel walls (layered);
few reddish-brown disorthic nodules (Fe/Mn);
coarse, opaque organic masses (some as
charcoal frags.); common fine opaque grains
or disseminated OM; mesofauna excreta in
voids.
Common, silt/clay coatings along grain
boundaries and clay coatings in pores and
along channel walls (layered and laminated);
common, reddish-brown, sand-sized disorthic
nodules, some disaggregated; common siltsized Fe/Mn concentrations; very few OM
masses.
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BCtgb

Single-spaced
porphyric,
359
porostriated bfabric.

Channel
microstructure;
channels, vesicles,
and vughs.

Common, clay coatings in pores or along
channel walls (layered and laminated);
common dark reddish black orthic nodules;
few partly decomposed OM fragments (roots);
mesofauna excreta in voids.
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Supplementary Table 10. Soil micromorphology description of the LRT site.
Unit

Horizon

BC

BC2
2

BC3

Depth
(cm)

Fabric

46

Close to
double-spaced
porphyric;
86 stipplespeckled,
granostriated,
and
porostriated bfabrics.

115

Voids &
Microstructure

Subangular blocky
microstructure with
partially
accommodating
planes and
intrapedal channel
microstructure;
channels, vesicles,
and vughs.

Subangular to
angular blocky
microstructure with
partially
accommodating
planes and
intrapedal channel
microstructure;
channels, vesicles,
and vughs.

Mineralogy

Angular to subrounded quartz,
feldspar, mica,
amphibole,
polycrystalline
quartz

Pedofeatures
Very few silt/clay coatings along grain
boundaries; common, coarse to fine organic
masses with varying states of decomposition;
many fine opaque grains and disseminated
organic fragments; common Fe/Mn
concentrations and nodules; some soil
mesofauna excreta as infills in
channels/pores/voids.
Few silt/clay coatings along grain boundaries,
pore and channel walls (layered); common,
coarse to fine organic masses; many fine
opaque grains and disseminated organic
fragments; common Fe/Mn concentrations and
nodules; some soil mesofauna excreta as infills
in channels/pores/voids.
Few discontinuous silt/clay coatings along
grain boundaries, and pore and channel walls
(layered); silt-sized angular to sub-rounded
opaque OM common; Fe/Mn concentrations
and nodules common.
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1

Ab3

Close to
double-spaced
porphyric;
stipple125 speckled,
granostriated,
and
porostriated bfabrics.

Subangular blocky
microstructure with
primarily partially
accommodating
planes, some
vesicles, channels,
and vughs.

Same as above;
silt-sized
metamorphic
rock fragments

Common discontinuous silt/clay along grain
boundaries and moderately birefringent clay
coatings in pores and along channel walls
(layered and laminated); rounded opaque OM
common and more prevalent than in overlying
BC3; Fe/Mn concentrations and nodules
common; some soil mesofauna excreta in
pores/voids.
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Supplementary Table 11. Soil micromorphology description of the LEV1 site.

Unit

Horizon

Ap

2

Ab2

C2

Depth
(cm)

Fabric

Voids &
Microstructure

33

Close to singlespaced fine
enaulic with
few zones of
coarse monic;
stipple-specked
and
granostriated bfabrics.

66

Close fine
enaulic with
very few zones
of single-spaced
fine enaulic;
stipple-specked
and
granostriated bfabrics.

Intergrain
microaggregate
microstructure;
complex packing
voids.

95

Coarse monic
with very few
zones of close
fine enaulic and
single-spaced
fine enaulic;
stipple-specked
and
granostriated bfabrics.

Single and
intergrain
microaggregate
microstructure;
simple and
complex packing
voids.

Mineralogy

Pedofeatures
Few silt/clay coatings along grain boundaries;
common, coarse to fine organic masses with
varying states of decomposition; many fine
opaque grains and disseminated organic
fragments; common Fe/Mn concentrations and
nodules. Some soil mesofauna excreta in
groundmass generally not associated with
channels or chambers; pedorelicts (fine-silt
sized quartz grains encased in weakly oriented
clay) are common.

Single-grain
microstructure with
some intergrain
microaggregate
microstructure;
complex packing
voids.

Angular to subangular quartz,
feldspar, mica,
amphiboles,
poly-crystalline
quartz, and
metamorphic
rock fragments.

Few silt/clay coatings along grain boundaries;
few, coarse to fine organic masses in varying
states of decomposition; many fine opaque
grains and disseminated organic fragments.
Some soil mesofauna excreta in groundmass
generally not associated with channels or
chambers; pedorelicts (fine-silt sized quartz
grains encased in weakly oriented clay) are
common.

Few discontinuous silt/clay coatings and
bridges along grain boundaries; silt-sized
angular to sub-rounded opaque OM common,
some charred; Fe/Mn concentrations and
nodules common. Some grains appear to be
pedorelicts similar to less coarse horizons at
other sites.
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1

Btb

178

Close
porphyric;
granostriated,
porostriated,
and stipplespeckled bfabrics.

Channel
microstructure;
channels, vesicles,
and vughs.

Angular to subangular quartz,
feldspar, mica,
amphiboles,
poly-crystalline
quartz, and
metamorphic
rock fragments.

Common discontinuous silt/clay along grain
boundaries and clay coatings in pores and
along channel walls (laminated); silt-sized
angular to sub-rounded opaque OM common,
some charred; Fe/Mn concentrations and
nodules common.
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